In the current work, an ether based polyurethane elastomer supplied by Renier Technology ltd (UK) 27 is used for mock arteries, representing large arteries. Like most biological materials, the arterial wall 28 has a very complex mechanical behaviour. It exhibits strong mechanical anisotropy, nonlinear 29 stress-strain behaviour, viscoelasticity and poroelasticity (Julia et al., 1966; L'Italien et al., 1994) . Its 30 stress-strain behaviour is also dependent on local hemodynamics and shear stress (Stephanie et al., 31 1998; Glagov, 1994; Barbee et al., 1994; Tronc et al., 1996) , age and inactivity (Vaitkevicious et al., 32 1993; Kelly et al., 1989; Avolio et al., 1985) , pathological infections (David et al., 2002) and high 33 blood pressure (Avolio et al., 1985) , and vary widely along the arterial tree (Mangel et al., 1996). 34 The arterial wall is composed of the elastin, vascular smooth muscle cells (VSMC) and connective 35 tissue ( Figure 1) . Inside, the wall is covered by a monolayer of endothelial cells and epithelial cells 36 form its outside. Due to the complex structure and behavior, it is extremely difficult to find a 37 material with similar mechanical behaviour to arteries or to model it by a single hyperelastic 38 material model. Although the properties of polyurethane elastomer differ from those of the arteries, 39 it was chosen because of its good biocompatibility and viscoelastic properties, and for its wide use 40 in vascular grafts (Szycher, 1998; Gunatillake et al., 2003) , making it a preferred material for mock 41 arteries in this work.
equibiaxial tension, relaxation, creep and cyclic tests on specimens made of polyurethane elastomer. bar as a tensile pulse. The rest of the pulse reflects into the incident bar as a compressive pulse. The 97 transmitted and reflected pulses are recorded by the transmitter and incident strain gages, 98 respectively. 99 Specimen stress and strain are obtained from the transmitted and reflected strain 100 signals, respectively, using the classical Kolsky analysis given by 103 where A b and A s are the bar and specimen cross-section areas respectively, is the transmitted 104 strain signal, is the reflected strain signal, l s is the specimen gage length and C b is the wave speed Ten specimens were tested at each strain rate for low strain rate uniaxial tests and five 109 specimens at each strain rate for intermediate and high strain rate uniaxial tests. 800kPa. p is the pressure). Therefore, the maximum strain rates in arteries can be assumed to be 119 about 1/s. However, strain rates of up to 175/s were used in the design of uniaxial tension tests in 120 order to fully establish the strain rate behaviour of polyurethane rubber, although this may not be 121 particularly necessary for the current study. Two stress magnitudes, 0.44 MPa and 1.136 MPa, were used for creep tests and four strain 129 magnitudes, 5%, 6.5%, 8% and 10%, for stress relaxation tests. Five specimens were tested at each 130 stress or strain magnitude. Material stress relaxation and creep were allowed for 2000s in each case. 
Uniaxial Cyclic Tests

132
Under uniaxial cyclic loading, the loading of the specimens was periodically repeated over 10 133 cycles. The loading function was either force (stress) or displacement (strain), which repeatedly took 134 the form of equation (2). Constant triangular stress or strain cycles were applied, while the other 135 quantity (strain or stress) is allowed to vary according to material behaviour (Sandor, 1972) . The 136 experimental set-up is similar to uniaxial tension tests and dumbbell shaped specimens (Figure 2 (a)) 137 were used. Four specimens were tested with either stress or strain as a loading function, making a 138 total of eight specimens. Tests were performed at a loading rate of 10mm/min (corresponding to a 139 strain rate of 0.013/s), under dry-room temperature condition.
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where "a" is the loading rate (strain or stress per unit time) and "T" is the period of the triangular 142 function. 143
Planar tension 144
Specimens used for the planar tension tests were 6 times wider than their gage length ( Figure   145 2(b)). This was in order to achieve a deformation, F, and stress, , state given by (assuming the 146 elastomer behaves as an incompressible material) 147 and .
(3)
148
The material is constrained in the transverse direction and only deforms in the loading and thickness 149 directions (Miller, 1999) . Apart from a different specimen type, the experimental set-up is the same 150 as for simple tension. Tests were conducted under dry-room temperature condition at a strain rate of 151 0.013/s. 
the displacement of the cross head. Tests were conducted under dry-room temperature condition, 161 and stress and strain were measured in one direction only. 162 2 mm diameter nylon strings with a Young's modulus of 3.9 GPa were used as connecting 163 strings ( Figure 6(b) ). Considering that the maximum load for the tests is in the range of 20-30 N, 164 deformations in the nylon strings is expected to be insignificant. 165
Hyperelastic Material Models
166
For isotropic hyperelastic materials, the strain-energy function W can be defined in terms of 167 strain invariants ( )
If incompressibility is assumed (i.e. 1 3 = I ), equation (5) then reduces to a function of two variables 170 only i.e. I 1 and I 2 . Therefore, for an isotropic, incompressible material, the principal Cauchy stresses 171 in the loading axis for uniaxial, planar and equibiaxial tension are given by equations 6, 7 and 8, 172 respectively (Holzapfel, 2000) . 
Results
177
The results of the material tests show the behaviour of the polyurethane elastomer tested to be 178 highly dependent on temperature and humidity, as shown in Figure 7 (a). The elastomer significantly softens with increase in temperature and humidity levels, with the Young's modulus of 7.4 MPa, 5.3 invasive devices soften significantly within minutes of insertion into a human body, resulting in 183 reduced patient discomfort and risk of vascular trauma (Tilak, 2001 (Pathiraja et al., 1996) . All the stresses and strains presented in the plots 187 in this paper refer to the engineering stress and strain, respectively. above 30% strains (Figure 9(c) ). This is probably due to the inaccuracy in conducting these tests as 198 the impact speed increase. However, for strains below 20%, the results are very repeatable for all the 199 three strain rates.
200 Figure 10 presents high strain rate test results for a strain rate of 137.5 /s. The incident and 201 reflected strain signals, recorded by the incident strain gage, are shown in Figure 10(a) , while the 202 transmitted strain signals (recorded by the transmitted strain gage) are presented in Figure 10(b) .
203
The noise in the transmitted signal is significant because of the high amplification used, owing to the 204 The averaged uniaxial cyclic test results (for eight specimens) are shown in Figure 15 , with 229 stress as a loading function (Figure 15(a) ) and strain as a loading function (Figure 15(b) ). The results
230
show that the behaviour of polyurethane elastomer under cyclic loading exhibits creep and stress 231 relaxation behaviours similar to those observed under static conditions or monotonic loading ( Figure   232 13). When stress is applied as a loading function, the material undergoes creep as it deforms, which 233 follow the same pattern as the creep data at 0.44 MPa constant stress (Figure 15(a) ). Similarly, when 234 strain is used as a loading function, the material undergoes stress relaxation (Figure 15(b) ). Stress 235 relaxation and creep behaviours in cyclic loading can be described in the same manner as under 236 static conditions. After about 500s (or 10 loading cycles), there is little or no significant changes in 237 the peaks of either stress or strain with successive loading cycles (maximum changes are below 2 % 238 at this point). The material can hence be deemed stabilised after this point. Six hyperelastic material models were fitted to the uniaxial, planar and equibiaxial tension 246 experimental data using equations 6, 7 and 8, respectively, as shown in Figure 16 . The strain energy 247 functions for each material model are given in the appendix.
248
In order to relate the Cauchy stress in equations 6, 7 and 8 to the engineering stress σ eng in 249 experimental results, equation (13) was used. 
251
where A and A f are the original and deformed cross-section areas respectively.
252
Yeoh's model provides the best fit to the range of experimental data (Figure 17(e) temperature. This agrees with earlier observations that polyurethane elastomer products significantly 264 soften on insertion into a human body (Tilak, 2001) , thus, reducing a patient's post operation 265 vascular trauma. A similar trend in humidity and temperature dependency behaviour is expected for 266 all grades of polyurethane elastomers due to the strong similarities in their basic chemical structures 267 (Knoerr and Hoffmann; Recker, 2001) .
268
The Young's modulus of the elastomer also increased significantly at high strain rates with 
272
This also applies to the current study using polyurethane mock arteries. The Young's modulus only 273 varies by about 0.5 % between 1/s and 2/s ( Figure 12 ). Therefore, the Young's modulus at low strain 274 rates (< 1/s) is sufficient to describe the stiffness of the elastomer for the range of strain rates in arteries. Intermediate and high strain rates were only used to fully describe the strain rate dependent 276 behaviour of polyurethane elastomer, but were not particularly necessary in this study.
277
Most literature values for the Young's modulus of polyurethane elastomer are measured at dry-278 room temperature and low strain rates. These include 3.6 MPa (Diaconu and Dorohoi, 2005) , 13.1
279
MPa (Diaconu et al., 2006), and 14.6 -88.8 MPa (Pathiraja et al., 1996) can be used to model the behaviour of the elastomer under cyclic loading, assuming the material has 289 reached steady-state conditions. The relaxed modulus at dry-room temperature was 14 % (6.5MPa) 290 less than the initial modulus (7.4 MPa). Since creep and relaxation tests could not conducted at wet-291 room temperature and wet-37deg Celsius, the same trend in material relaxation is assumed. Future 292 work will clarify this. A 3-term Prony series was sufficient to model the elastomer's viscoelastic 293 behaviour (Figure 14) .
294
The elastomer also exhibits 10 % anisotropy and its Poisson ratio ranged between 0.45 -0.5. In 295 the current study, 10 % anisotropy is deemed insignificant and the Poisson ratio is treated to be close 296 enough to 0.5. Therefore, the elastomer is assumed as an isotropic, incompressible material, and 
